In the dimension stone industry, predicting energy consumption in the rock cutting process and examining its relationship with machining parameters are among the most important steps to achieving the optimum conditions in terms of energy consumption. A laboratory scale cutting machine with changing machining parameters was made and its energy consumption was evaluated through statistical analysis. Tests were carried out on seven carbonate rock samples under diff erent operating conditions at diff erent depths of cut, feed rates and peripheral speeds. Finally, an energy consumption model was obtained through statistical studies using SPSS software. The t and F tests were used to validate the model and to control each of the independent variables. To see the prediction capability of the derived model, the scatter diagram of the observed and estimated values was plotted. The results showed that the points are very close to the 1:1 diagonal straight line. It concluded that the developed model has a high degree of accuracy with a high correlation between the predicted and the observed values. Due to its high accuracy, the proposed model can be used in the calculation of energy consumption under various operating parameters.
Introduction
Improving the effi ciency of energy consumers for the proper use of energy resources is one of the most important issues of recent studies. The need for energy is rapidly increasing so that all industries and sectors are looking for its minimization. In the stone cutting process, adverse environmental effects due to poor technical management and ineffi cient use of energy brings about the need for energy optimization and carrying out projects in this regard. To tackle the problems, the fi rst step is to acquire a deep understanding of the process and its effective parameters. The cutting process is an abrasive operation, which can be summarized in two steps. In the fi rst step, the diamond segments move on the cutting surface, which results in the formation of a stone chip due to the penetration of the diamond grains into the rock. During this process, through the scraping and breaking of the cutting surface, the diamond grains form a chip and create a new surface for the next grains. In the cutting process, the mechanical interaction between the instruments and the stone generates a cutting force which is mainly caused by factors such as the elastic and plastic deformation of stone, friction between the diamond and the matrix and the stone and the cutting chips. Figure 1 shows a schematic view of a diamond grain and its interaction forces with the scratched surface of the stone (Tonshoff et al., 2002) .
These changeable forces together with the posts and heights at the workpiece surface, discontinuous thickness of the chips, the chips cracking and the layering, the friction between the surfaces change the cutting conditions. Like other machining processes, factors affecting the cutting performance can be evaluated in two main sections:
(1) Workpiece (stone) related studies: In this context, several experimental models and several sorted samples are presented to anticipate the cutting ability according to the mechanical and physical characteristics (valid references This article examines the effects of machining parameters on the energy consumption of cutting processes. Laboratory-scale equipment was designed and fabricated to carry out tests on 7 building stone samples. Then, statistical studies were done on the experimental results and a model was introduced for predicting the energy consumption. Finally, the results are presented and a conclusion is given.
Laboratory studies

Designing and fabrication of a cutting machine
Laboratory studies were implemented in order to examine the relationship of machining parameters and energy consumption. For this purpose, a cutting machine was installed and set up, cutting tools and energy consumption measuring equipment were provided and suitable stone pieces to be tested were prepared. Figure 2 shows an overview of the provided test devices. Some properties of the sawing machine, the sawing tools and the workpiece used in the study are presented in Table 2 . All cuttings were done in a compatible mode. In a compatible cut, the advancement and the rotation are in the same direction. In all experiments, water was used as a coolant. 
Machining parameters
All the machining parameters such as the feed rate, the cutting depth and the peripheral speed are adjustable and controllable. The feed rate (Fr) was measured by a hydraulic system and an electronic counter during the experiment. Feed rate is studied as one of the operation parameters.
The depth of cut (Dc) was created by a vertical ride mechanism in the system. In this paper, cutting depths of 15, 22, 30 and 35 mm were studied.
The peripheral speed (Ps) was created by a 7.5 KW electromotor with a maximum rotation rate of 2800 RPM. This movement is transmitted to the spindle axis in four different proportions using a belt and torque mechanism. The number of the spindle rotations is adjustable to three quantities. These experiments were performed at rotational speeds of 1540, 1770 and 2550 rpm. The speed was controlled by changing the engine's torque and the transmission ratio of the engine to the spindle. Measured data such as current consumption (I), energy consumption (E) and specifi c energy consumption (SE) at 1770 rpm peripheral speed are presented in Table 3 .
The relationship between energy consumption and the operation parameters
The relationship between energy consumption and specifi c energy consumption (as performance results) and operational properties were analysed. At each stage of the experiment, Azarshahr travertine pieces were fi xed on a machine table and then cut off. In order to reduce the measurement errors, tests were performed several times. Then, the results of 48 experiments were recorded for further evaluation. During the test, by fi xing the number of the spindle's rotations to 1770 RPM, which is proportional to the speed of disk rotation, changes in energy consumption were studied by modifying the cutting depth and the progress rate. Finally, the 3 and 4 respectively show energy consumption versus the cutting depth and the feed rate. At a constant peripheral speed, the energy consumption increases by an increase in the cutting depth or in the feed rate. While the slopes of the graphs increase gradually for all of them, the changes are much more noticeable for higher Fr values. The reason for this increase can be due to the load pressure on the machine during cutting process. Under the same production conditions, the specifi c energy decreases as the cutting depth and the feed rate increase (see Figures 5 and 6) . The reason can be searched in the chip formation mechanism. The cutting thickness has a direct relation with the speed of cutting and the cutting depth. In the other words, diamond grain penetration depth and the thickness of the swarf increase with an increase in the feed rate. An increased depth of the diamond's penetration causes an increase in the forces and tensions that enter the rock, which results in the formation and growth of lateral and radial cracks. The formation and expansion of these cracks in the rock causes the appearance of the secondary swarf. Deep penetration of diamonds increases the percentage of secondary chips to the point that a large volume of cuttings is of secondary chip type. In general, lateral cracks and the secondary chips make the swarf removal process easier and reduce the cutting forces. 
Statistical studies
In order to study the relationship of the operating parameters and the energy consumption, statistical analysis was carried out using SPSS software and a model was introduced. In order to increase the accuracy and the coverage of this model, 7 carbonate rock samples collected from Zolfaghar marble, Golsang marble, Azarshahr travertine, Hajiabad travertine, Darebokhari travertine, Salsali marble and Haftoman marble were tested and the results were studied at different operating conditions. The multivariate analysis using more than 120 test samples are presented in Table 4 . The statistical model presented in Equation 1 shows the relationship between the energy consumption intensity and the operating parameters.
(1)
In this Equation Fr is the feed rate (cm/min) of a workpiece, Dc is the Depth of cut (mm), Ps presents the Peripheral speed (rpm) and I is the energy consumption in Amperes.
The F and t tests were consequently used to validate the model and to control each of the independent varia- bles. The results of F and t tests are shown in Table 4 . The F value, which is obtained considering a confi dence level of 99% (4.61) is less than that of the proposed model, therefore we can reject the hypothesis of zero, which states that there is no linear relationship between the energy consumption and the independent variables, and it can be concluded that at least one of the coefficients is not zero. After general control of a model with test F, the meaning of each independent variable is controlled with test t. Using the t test, we can examine the zero hypothesis for each coeffi cient of the independent variables. The t value of the distribution with a confidence level of 99 % is 2.86, while the t values of the independent variables are higher than this amount so that, for the coeffi cients of the independent variables, we can reject the zero hypothesis. Another determination way of statistical models is using the scatterplot of the predicted and the real observed values. Perfect estimations have scatterplots with points, which are exactly on a straight line with a slope of 1. Figure 7 shows the scatterplot of the predicted values versus the observed ones. It is clear that the points are very close to the mentioned line and they are almost evenly distributed without showing a noticeable bias. Then it can be said that the introduced model has a high degree of accuracy with a high correlation between the predicted and the observed values. 
Conclusions
Today, cutting discs are widely used in building stone factories. A full perception of the cutting devices and the effective cutting parameters are useful for designers to improve the speed of the process and to increase the production rate. Two of the most important factors of marketing are the cost and the quality of goods. Some of the most important factors affecting the cutting cost are repairing and maintenance costs of the cutting machines and the energy consumption rate. Typically, the production rate and the mentioned parameters are directly related. Therefore, using the best parameters for optimum production rate is essential. In this regard, we considered the energy consumption of the device for different operating parameters. The results of the study are summarized as follows:
1. The cutting depth and the feed rate have direct relationships with energy consumption. The reason can be searched in the cutting mechanism and the ease of chip formation. 2. Looking at the graphs of the energy consumption versus the feed rate and the depth of cut, the slope increases toward the higher values of these parameters. Energy consumption reaches its maximum points at a feed rate of 400 and a cutting depth of 35 mm. 3. Using more than 120 samples tested at different operating conditions, a statistical model was developed to predict energy consumption. The results of the statistical tests (t and F) showed that the assigned coeffi cients of variables are correct. The scatterplot of the predicted and the observed values of energy consumption show a high correlation with no bias and reproduction of high and low values.
4.
According to the studies, in a laboratory scale, with the depth of cut and feed rate increase, energy consumption per unit area of cut (the specifi c energy consumption) is close to its optimum value. However, the problem here is that by increasing these two parameters, the load on the device increases, it is obvious that by increasing the load on the device, in addition to increasing the cost of maintenance of the device, the vibration on the disk increases and the slots in the cutting direction become wider and the stone throw increases. In addition, in such a situation, the probability that diamonds emerge from the band due to the cutting force increases. Therefore, it is necessary to examine all the effective factors together in order to achieve an ideal cutting condition. To determine the best cutting condition, the model presented in this study can also help, along with the other models (wear and vibration prediction models) to help to achieve ideal cutting conditions. Finally, the predicted model can only be applied to carbonate rocks. More studies must be conducted to check the validity of the obtained models for other types of rocks such as granite, syenite, gabbro, basalt, andesite, sandstone and onyx. Additionally, the effect of the type of disc should be studied.
